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TUNABLE OPTICAL STRUCTURE 
FEATURING FEEDBACK CONTROL 

BACKGROUND OF INVENTION 

1. Technical Field 

The present invention relates to a compression tuned 
optical structure; and more particularly, a compression 
tuned optical structure having force or displacement 
feedback control. 

2 . Description of Related Art 

There are a host of applications that could exploit the 
principle of a tunable fiber Bragg grating. These include 
tunable filters, reconf igurable optical add/drop 
multiplexers, optical performance monitors, wavelockers, 
tunable lasers, etc. Each of these applications would 
benefit from the ability to tune the grating accurately and 
repeatably and without the need for optical closed loop 
control, i.e. without needing to measure the wavelength of 
the grating directly. 

In the art, since the wavelength of the Bragg grating 
is uniquely determined by the strain and the temperature of 
the grating, in principle, if one could simply measure the 
strain and the temperature of the grating at all times, then 
one could always know the wavelength of the grating. In 
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practice, this is accomplished by attaching the grating to 
an actuator such as a piezoelectric element, then stretching 
the fiber some determinable amount. If the positional 
relationship between the actuator and the fiber is 
5 maintained, then one can theoretically deduce the Bragg 

grating wavelength by measuring the displacement of the 
actuator. 

But it is known that if there is some lost motion 
p between the fiber and the actuator, then a measurement of 

yio the actuator displacement will result in an erroneous 

Li: 

[sj wavelength determination. For example, when strain tuning a 

coated optical fiber, this effect is almost unavoidable, as 
the known attachment techniques will involve some sort of 



^3 epoxy with a limited holding ability. Additionally, tuning 

£15 the fiber Bragg grating by applying tensile strain is 

□ considered to be an unacceptable method from the perspective 

XBS. 

of fiber reliability, since the lifetime of a fiber can be 
significantly reduced by continuously stressing it. 
^L/ Alternatively, 4^ another known method encases the 

20 Bragg gratings in an all glass element capable of sustaining 

high compressional loads, which has the potential to be 
incorporated into a device which can be used to reliably and 
accurately tune a Bragg grating by strain. The technique 
was originally applied to pressure transducers and 
CIDRA CORP. PROPRIETARY 2 
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incorporates a glass shell around the device to enable 
transduction of hydrostatic pressure into compressional 
strain. The core of the element (the dogbone) can be used 
in other configurations that allow compressive loads to 
affect the Bragg wavelength. For example, ends of the glass 
element can be ground into cone shapes which fit into the 
cone seats of a body which is mechanically attached to a 
displacement actuator. This composite glass element Bragg 
grating has two primary advantages over standard fiber 
gratings discussed above from the perspective of tunability. 
The first is that, since the element is placed under 
compression rather than tension, the device is inherently 
more reliable. The second is that, because the device can 
be made of glass with arbitrary dimensions and shapes, the 
issue of forming a slip- free attachment to an actuator 
becomes simplified (e.g. glass on metal seats i.e. no epoxy 
to hold off high forces) . 

However, if one is concerned with extremely high 
accuracies, then one cannot ignore the possibility of lost 
motion or hysteresis even in the glass to metal contact 
region. For example, over time, the seats may deform 
slightly, thereby changing the actual displacement of the 
glass element relative to the actual displacement of the 
actuator. If the displacement of the actuator rather than 
. CORP. PROPRIETARY 3 
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the glass element is measured, » ^n a-B: there will be an error 
introduced into the measurement. 



SUMMARY OF INVENTION 

The present invention provides a tunable optical device 
having a compression tuned optical structure and a 
displacement sensor . 

The compression tuned optical structure responds to an 
optical signal, and further responds to a displacement 
sensor signal, for providing, a compression tuned optical 
structure signal containing information about a change in an 
optical characteristic of the compression tuned optical 
structure, and for also further providing an excitation 
caused by a change in a displacement of the compression 
tuned optical structure. 

The displacement sensor responds to the excitation, for 
providing the displacement sensor signal containing 
information about the change in the displacement of the 
compression tuned optical structure. 

The compression tuned optical structure may be in the 
form of a dogbone structure that is an all -glass compression 
unit having wider end portions separated by a narrower 
intermediate portion having a Bragg grating therein. 
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The displacement sensor includes a capacitance sensor 
affixed to the compression tuned optical structure for 
measuring a change in capacitance between two parallel and 
opposing plates that depends on a change in a gap or an area 
with respect to the two parallel and opposing plates. The 
change in the displacement of the compression tuned optical 
structure causes a change in the gap between the two 
parallel and opposing plates, and the change in capacitance 
depends on the change in the gap. Alternatively, the change 
in the displacement characteristic of the compression tuned 
optical structure causes a change in an overlapping area 
between the two parallel and opposing plates, and the change 
in capacitance depends on the change in the overlapping 
area. 

The capacitance sensor may have two metallic-coated 
tubes affixed to the compression tuned optical structure so 
that metallic surfaces face each other with a small gap 
inbetween. The two parallel and opposing plates may be 
affixed to parts ending from the wider end portions of the 
dogbone structure. The small gap may be about 200 micron. 
The capacitance sensor has electrodes attached to the 
metallic-coated tubes to allow connection of the capacitor 
sensor to an electronic device capable of measuring 
capacitance. Each of the two metallic-coated tubes is 
CIDRA CORP. PROPRIETARY ^5 
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affixed to or formed on a respective one of the wider end 
portions. The narrower intermediate portion may have a 
Bragg grating or a Fabry- Perot interferometer arranged 
therein. The Fabry-Perot interferometer may include a pair 
of fiber Bragg gratings separated by a predetermined 
distance. 

The displacement sensor may also include inductive 
sensing using two coils affixed to the compression tuned 
optical structure for measuring a change in inductance 
between the two coils. Other gap sensing techniques may be 
used, such an optical, magnetic, microwave, time-of -flight 
based gap sensors. Moreover, a force applied on or about 
the compressive element (i.e. grating or Fabry-Perot 
interferometer gap) may be sensed, and fed back to control 
the compression tuning of the optical structure. 

In effect, this present invention provides a device, 
which combines a highly accurate means of measuring 
displacement with a compression tuned optical structure, 
including a tunable element having a fiber Bragg grating or 
^ Fabry-Perot interferometer. This hybrid device will enable 
a true indirect means of controlling the wavelength of the 
fiber Bragg grating or Fabry-J^erot interferometer without 
the need for optical closed loop control. The device 
combines a highly accurate, and potentially drift-free, 
CIDRA CORP. PROPRIETARY 6 
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capacitance or inductance sensor with the tunable grating 
element. For example, the capacitance sensor measures 
displacement by taking advantage of the change in 
capacitance between two parallel, and opposing plates when 
the gap and/or the area of the plates change. Although 
attachment methods can be designed to minimize the creep 
between the actuator and the tunable glass element, in 
practice it is difficult to fully eliminate it. For this 
reason, it is highly desirable to incorporate the 
capacitance sensor directly onto the tunable element to form 
a monolithic tunable Bragg grating with built-in electronic 
displacement determination. Incorporating the displacement 
sensor directly on the glass element allows one to make a 
direct measurement of the displacement, which directly 
relates to the strain on the element and, therefore, enables 
direct and real time knowledge of the Bragg wavelength. 
There are many possible embodiments of this concept shown 
and described below. However, one of the simplest would 
involve fixing two gold-coated tubes over the tunable glass 
element such that the gold surfaces face each other with a 
small gap (about 200 micron) between them. Ideally the 
tubes would be welded to the large diameter section of the 
dogbone element. However, since there is no force to hold 
off, they could, in principle, be epoxied in place. 
. CORP. PROPRIETARY 7 
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Electrodes would be attached to the gold-coated tubes to 
allow connection of the capacitor to an electronic device 
capable of measuring capacitance. As the dogbone element is 
strained, the gap between the parallel plates will change, 
thereby causing the capacitance to change. Therefore, a 
measurement of the capacitance will be directly related to 
the Bragg wavelength, provided the temperature of the 
element is either held constant or measured. Since the 
tubes are directly connected to the dogbone, they are 
completely passive and will not slip. 

Consistent with that previously described, the 
capacitance sensor provides an ideal method for a 
displacement measurement that can be integrated directly 
onto the compression tuned fiber Bragg grating element. 
There are several capacitance sensor configurations 
discussed below which can be used for this application, each 
having particular advantages and disadvantages. To optimize 
the capacitive sensor used in the design, considerations 
must be made which include the circuit which will be used to 
measure the capacitance and the ultimate conversion of 
capacitance to displacement (or force) . To maintain 
consistent resolution and accuracy over the functional range 
of the capacitive sensor, the change in the area of the 
capacitor will produce a proportionally equal change in 
CIDRA CORP. PROPRIETARY 8 
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capacitance (as opposed to a plate separation which 
demonstrates an inversely proportional dependence) . 

In addition to the potential uses of the hybrid 
capacitive or inductive sensor and tunable FBG, other 
devices formed in the compression element would also benefit 
from the addition of a capacitive displacement sensor. Such 
examples of these might be a fiber Fabry— Perot pair, Bragg 
grating pairs, a distributed feedback laser, an interactive 
Bragg grating laser. 

The whole thrust of the present invention is to avoid 
using optical light transmitted from the compression tuned 
optical structures to tune the wavelength of the compression 
element, which increases the light available to the overall 
system. For example, if n compression tuned optical 
structures are connected in series, and a respective x% of 
light is used for each of the n compression tuned optical 
structures, then approximately nx% of light may be used to 
tune the overall system, which may significantly reduce the 
amount of light available to the overall system. In effect, 
the present invention provides an open-loop control system 
in relation to optical performance for tuning the 
compression element. 

The foregoing and other objects, features and 
advantages of the present invention will become more 
CIDRA CORP. PROPRiETARY 9 
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apparent in light of the following detailed description of 
exemplary embodiments thereof, as illustrated in the 
accompanying drawing. 



BRIEF DESCRIPTION OF THE DRAWING 
The drawing includes numerous Figures, and the 
following is a brief description thereof: 

Figure^<i is a block diagram of a tunable optical device 
that is the subj-^ct matter of the present invention. 

Figure is a diagram of one embodiment of the tunable 
optical device shown in Figure 1 . 

Figure 3 is^^ a diagram of a tube -in- tube capacitive 
sensor arrangement that may be part of the embodiment of the 
tunable optical device shown in Figure 1. 

-Figure 4 Is a ^ diagram of a single tube capacitive 
sensor arrai>^ement that may be part of the embodiment of the 
tunable optical deyice shown in Figure 1. 

Figure 5 Is a diagram of a multiple tube-in-tube 
capacitive s^sor arrangement that may be part of the 
embodiment of the/tunable optical device shown in Figure 1. 

Figure 6 a diagram of a tube-in-tube capacitive 
dif f erentia]/sensor arrangement that may be part of 
embodiment of the tunable optical device shown in Figure 1. 
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Figure T^^is^^^diagram of another sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure Q^^^i^a. diagram of another sensor arrangement for 
the tunable optical device shown in Figure 1. 

Figure a diagram of another sensor arrangement for 

the tunable optical device shown in Figure 1 . 

Figure S^/xs a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 9. 

Figure 10,x<fs a diagram of one sensor arrangement for 
the tunable optic^^Hevice shown in Figure 1. 

Figure ^ is a diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1 . 

a diagram of another sensor arrangement 
^cal device shown in Figure 1 . 

diagram of another sensor arrangement 
:ical device shown in Figure 1. 
diagram of another sensor arrangement 
for the tunable optical device shown in Figure 1 . 

Figure 15 ils a diagram of another sensor arrangement 
for the tunaljle optic^.i^evice shown in Figure 1. 

Figure 16A x^b^ diagram of a first plate for sensor 
arrangements for the tunable optical device shown in Figure 
2 . 
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Figure 16B is/a. diagram of a second plate for sensor 
arrangements fpfr the tunable optical device shown in Figure 
2. 



5 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 : The Basic Invention 
Figure 1 shows a tunable optical device generally 
indicated as 20 having a compression tuned optical structure 
O 22 and a displacement sensor 24. 

mo The compression tuned optical structure 22 responds to 

Jj an optical signal, and further responds to a displacement 

Q sensor signal, for providing a compression tuned optical 

structure signal containing information about a change in an 
:H optical characteristic of the compression tuned optical 

5i5 structure, and for also further providing an excitation 

y 3 

£2 caused by a change in a displacement of the compression 

tuned optical structure 22. 

The displacement sensor 24 responds to the excitation 
from the compression tuned optical structure 22, for 
2 0 providing the displacement sensor signal containing 

information about the change in the displacement of the 
compression tuned optical structure. 

The compression tuned optical structure 22 is in the 
form of a dogbone- shaped structure (hereinafter "dogbone 
CIDRA CORP. PROPRIETARY 12 
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Structure"), which is an all-glass compression unit that may 
be formed by glass collapsing technology shown and described 
in United States patent application serial no. 09/455,867 
(CiDRA File No. CC 0036B) , filed December 6, 1999, as well 
as United States patent application serial no. 09/455,865 
(CiDRA File No. CC-0078B) , filed December 6, 1999, both 
hereby incorporated by reference in their entirety, as 
discussed below in more detail. The compression tuned 
optical structure 22 can also be in the form of a single 
large diameter waveguide known as a fiber cane, shown and 
described in United States patent application serial no. 
09/455,868 (CiDRA File No. CC 0230), filed December 6, 1999, 
as well as patent application serial no. 09/456,112 (CiDRA 
File No. CC 0129B) , filed December 6, 1999, both hereby 
incorporated by reference in their entirety, as discussed 
below in more detail. The compression tuned optical 
structure 22 may also include Bragg grating, fiber Bragg 
grating or Fabry-Perot interferometer based optical 
structures, as discussed herein. The present invention is 
shown and described below in relation to many different 
embodiments of the compression tuned optical structure 22 
and the overall dogbone structure. 

The displacement sensor 24 may include either 
capacitive or inductive sensing to measure displacement. 
CIDRA CORP. PROPRIETARY 13 
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Capacitive sensing is shown and described in terms of plates 
affixed to the compression tuned optical structure 22 
separated by a given gap or distance, while inductive 
sensing is understood to be coils (instead of plates) 
separated by a given gap or distance. 

The scope of the invention is not intended to be 
limited to any particular application of the tunable optical 
device 20. For example, applications are envisioned where 
the tunable optical device 2 0 is used as an optical sensing 
device (such as a pressure sensor) , as well as an optical 
signal -generating device (such as laser devices) . 



Figure 2 shows a tunable optical device generally 
indicated as 50, having the compression tuned optical 
structure 22 (see also Figure 1) and the displacement sensor 
24 (see also Figure 1) . 

The compression tuned optical structure 22 includes a 
glass element 54 having a compression element 56 arranged 
therein, a pair of holders 58 coupled to the glass element 
54 and arranged inside a housing 60, and an actuator 62 
arranged between one holder 58 and a wall of the housing 60. 
The actuator 62 may be any type of device that provides a 
compressive force, including a piezoelectric (PZT) device, a 
CIDRA CORP. PROPRIETARY 14 
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stepper motor, a magnetostrictive device, or any type of 
pressure -inducing device. The glass element 54 has two wide 
end portions 54a, 54b and a narrow intermediate portion 54c. 

The displacement sensor 24 includes a displacement 
sensor circuit 70, a displacement sensor controller 71 and 
capacitive elements 72, 74 connected to the glass element 54 
as well as the actuator 62. The capacitive elements 72, 74 
are affixed to the wide end portions 54a, 54b of the glass 
element 54, and move in relation to one another when the 
wide end portions 54a, 54b are displaced by a compressive 
force or pressure . 

In operation, the glass element 54 responds to an 
optical signal along the optical fiber 52, and the actuator 
62 responds to a displacement sensor signal from the 
displacement sensor controller 71, for providing a 
compression tuned optical structure signal along the optical 
fiber 52 containing information about a change in an optical 
characteristic of the compression element 56 in the glass 
element 54, and for also further providing an excitation 
caused by a change in a displacement of the wide end 
portions 54a, 54b of the glass element 54 of the compression 
tuned optical structure 22. The excitation occurs when the 
actuator 62 compresses the glass element 54. 
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The capacitive elements 72, 74 of the displacement 
sensor 24 respond to the excitation (i.e. the movement), 
which is sensed by the displacement circuit 70 and processed 
by the displacement sensor controller 71, for providing the 
displacement sensor signal containing information about the 
change in the displacement of the wide end portions 54a, 54b 
of the glass element 54 of the compression tuned optical 
structure 22. For the purposes of understanding the 
invention, it is important to note that the capacitive 
elements 72, 74 are described as a part of the displacement 
sensor 24 (see also Figure 1) . However, the spirit of 
invention includes an understanding that the capacitive 
elements 72, 74 could be described as a part of the 
compression tuned optical structure 22 (see also Figure 1) , 
as well. In such a case, the compression tuned optical 
structure 22 would provide some excitation signal to the 
displacement sensor 24. The excitation signal can be in the 
form of a capacitance, inductive, optical, microwave or 
time-of -flight signal. The scope of the invention is not 
intended to be limited to any particular type of 
displacement sensing . 

The displacement sensor circuit 70 and the displacement 
sensor controller may be used to calibrate the operation of 
the actuator 62. It has been found that the displacement of 
. CORP. PROPRIETARY 16 
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the glass element 54 may change due to wear and tear over 
time, changing due to the effects of being maintained under 
compression and actuated periodically by a compressive 
force. The displacement sensor circuit 70 and the 
displacement sensor controller 71 will take changes in 
displacement into account so that signal for actuating the 
actuator 62 is modified consistent with the change in the 
displacement. A person skilled in the art would appreciate, 
without undue experimentation, how to implement the 
displacement sensor circuit 70 and the displacement sensor 
controller 71 after reading the specification in conjunction 
with that shown in the drawing. 

Moreover, the scope of the invention is not intended to 
be limited to where the calibration processing is performed. 
The calibration associated with the change of displacement 
can be perform by the displacement sensor circuit 70, the 
displacement sensor controller 71, or a controller or some 
other circuit in the actuator 62. 

Figure 2 also shows a thermistor circuit and sensor 76 
for sensing the ambient temperature of the glass element 54 
in the proximity of the compressive element 56. The 
thermistor circuit and sensor 76 is shown and described in 
relation to an optical structure in United States patent 
application serial no. 09/448,367 (CiDRA File No. CC 0218 
. CORP. PROPRIETARY 17 







PATE NT 



3 K 

Uio 

nj 

IN 

FT; 



20 



and WFVA File no. 712-2-76), filed November 23, 1999, hereby 
incorporated by reference in its entirety . 



As discussed above, the "dogbone" structure 104 is an 
all -glass fiber Bragg grating compression unit having the 
fiber Bragg grating (FBG) 114, as shown, or in the form of a 
distributed feedback (DFB) laser. The dogbone structure 104 
may be in the form of a glass tube having the optical fiber 
102 fused therein. As shown, the narrower intermediate 
portion 104c has the fiber Bragg grating 114 arranged 
therein with gratings spaced along the axis of compression. 
As shown, the wider end portions 104a, 104b have a larger 
cross-section than the narrower intermediate portion 104c. 
The dogbone structure 104 provides for amplification of the 
compression force applied on one or more of the wider end 
portions 104a, 104b as applied to the fiber Bragg gratings 
spaced in the narrower intermediate portion 22c. The 
amplification by the "dogbone" structure 104 is analogous to 
Pascal's Principle in fluid dynamics, where an external 
pressure applied to a fluid confined within a closed 
container is transmitted undiminished throughout the entire 
fluid, so pressure is applied as a function of force per 
unit area in the "dogbone" structure 104. 
. CORP. PROPRIETARY 18 
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The dogbone structure 104 can be formed by taking the 
optical fiber and inserting it into an alignment tube of an 
inner diameter just larger than that of the outer diameter 
of the fibers, which is then collapsed on the optical fiber. 
For example, such glass collapsing technology is shown and 
described in United States patent application serial no. 
09/455,867 (CiDRA File No. CC 0036B) , as well as United 
States patent application serial no. 09/455,865 (CiDRA File 
No. CC 0078B) , discussed above. In particular, this glass 
collapsing technology relates to collapsing a 1 millimeter 
tube of the optical fiber, then collapsing a 3 millimeter 
tube onto the 1 millimeter tube. The resulting all-glass 
tube may be ground to form the "dogbone" shape structure 
104, The invention is described in relation to a "dogbone" 
shaped compression unit; however, the scope of the invention 
is intended to cover shapes other than a "dogbone" 
structure, such as a straight tubular cylindrical structure. 

The dogbone structure 104 also can be in the form of a 
single large diameter waveguide having a core with the 
gratings spaced therein, also known as a fiber cane, shown 
and described in United States patent application serial no. 
09/455,868 (CiDRA File No. CC 0230), as well as United 
States patent application serial no. 09/456,112 (CiDRA File 
No. CC 0129B) , discussed above. 
CIDRA CORP. PROPRIETARY 19 
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The structure of the compression- tuned dogbone 
structure 104 is also shown and described in more detail in 
patent application serial no. 09/456,112 (CiDRA File No. CC 
0129), discussed above. 

Figure 3: Tube -in- tube Capacitance Sensor Arrangement 
Figure 3 shows a tube- in- tube capacitance sensor 
arrangement generally indicated as 10 0 that may be used in 
the tunable optical device shown in Figure 2. The tube-in- 
tube capacitance sensor arrangement 100 is shown in relation 
to an optical fiber 102 coupled to a compression tuned glass 
element 104. The tunable optical device 100 has a "tube-in- 
tube" design which can be used to measure a displacement of 
the compression tuned glass element 104 using a capacitive 
sensor where the effective area changes with displacement. 

As shown, the compression tuned glass element 104 has 
the "dogbone" structure having two wider end 104a, 
104b separated a narrower intermediate portion 104c. One 
wider end portion 104a has an inner tube 106 having an inner 
capacitive plate 108, while another wider end portion 104b 
has an outer tube 110 having an outer capacitive plate 112. 
The narrower intermediate portion 104c has a compression 
element 114 in the form of a fiber Bragg grating. The 
compression element 114 may also be in the form of a Fabry- 
CIDRA CORP. PROPRIETARY 20 
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Perot interferometer having two Bragg gratings separated by 
a predetermined distance. In one embodiment, the capacitive 
plates 108, 112 have a metallic coating, such as gold. The 
change in the displacement of the glass element 104 causes a 
change in the gap between the two capacitive plates 108, 
112, and the change in capacitance depends on the change in 
the overlapping area. 

As shown, the two gold-coated tubes 106, 110 are 
affixed over the glass element 104 such that the gold 
surfaces face each other with a small gap (about 200 micron) 
between them. Ideally, the tubes 106, 110 would be welded 
to the large diameter section of the dogbone element. 
However, since there is no force to hold off, they could, in 
principle, be epoxied in place. Electrodes (not shown) 
would be attached to the gold-coated tubes to allow 
connection of the capacitor to an electronic device (not 
shown) capable of measuring capacitance. As the dogbone 
element is strained, the gap between the parallel plates 
will change, thereby causing the capacitance to change. 
Therefore, a measurement of the capacitance will be directly 
related to the Bragg wavelength, provided the temperature of 
the element is either held constant or measured. Since the 
tubes are directly connected to the glass element 104, they 
are completely passive and will not slip. A person skilled 
. CORP. PROPRIETARY 21 




in the art would be able to implement without undue 
experimentation the electronics circuit (not shown) to 
measure the change in capacitance between the two capacitive 
plates 108, 112. 

Figure 4: Single Tube Capacitance Sensor Arrangement 
Figure 4 shows a single tube capacitance sensor 
arrangement generally indicated as 200 that may be used in 
the tunable optical device 100 shown in Figure 2. The 
single tube -in- tube capacitance sensor arrangement 2 00 is 
shown in relation to an optical fiber 202 coupled to a 
compression tuned glass element 204. Similar elements in 
Figures 2-4 are labelled with similar reference numerals 
with the addition of 100. 

The design in Figure 3 above is simplified as shown in 
Figure 4 by elimination of the one tube 110 and extending 
the remaining tube 206 over the larger diameter of the 
compression tuned glass element 204. 

As shown, the compression tuned glass element 2 04 has 



intermediate portion 204c. One wider end portion 204a has 
an inner tube 206 having an inner capacitive plate 208, 
while another wider end portion 2 04b has an outer surface 
with an outer capacitive plate 212. 



(X^ two wider end portion 2 04a, 
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The single tube capacitance sensor arrangement 200 
greatly eases manufacturing and can eliminate alignment 
issues with other designs. One complication with the delta 
area based capacitive sensor could be the limited area 
change of the sensor and, therefore, a restriction of the 
resolution of the measurement. 

Figure 5: Multiple Tube-in-Tube 
Capacitance Sensor Arrangement 

Figure 5 shows a multiple tube-in-tube capacitance 

sensor arrangement generally indicated as 3 00 that may be 

used in the tunable optical device 100 shown in Figure 2. 

The multiple tube-in-tube capacitance sensor arrangement 30 0 

is shown in relation to an optical fiber 302 coupled to a 

compression tuned glass element 304. Similar elements in 

Figures 3-5 are labelled with similar reference numerals 

with the addition of 100. The tunable optical device 300 has 

multiple tubes that could be interleaved to increase the 

effective area change as the compression element is 

compressed. 

As shown, the compression tuned glass element 304 has 
Qy two wider end j^^^j^^ 3 04a, 3 04b separated a narrower 

intermediate portion 304c. One wider end portion 304a has 
tubes 306a, 306b having capacitive plates 308a, 308b, 308c, 
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while another wider end portion 104b has tubes 310a, 310b 
with capacitive plates 312a, 312b, 312c. 

Figure 6: Tube-in-Tube Capacitance 
Differential Sensor Arrangement 

Figure 6 shows a tube-in-tube capacitance differential 
sensor arrangement generally indicated as 4 00 that may be 
used in the tunable optical device 100 shown in Figure 2. 
The ^ ^ajflJjjgLple ^ tube-in-tube capacitance differential sensor 
arrangement 400 is shown in relation to an optical fiber 402 
coupled to a compression tuned glass element 404. Similar 
elements in Figures 3-6 are labelled with similar reference 
numerals with the addition of 100. 

The ffl HJwt^ipJ^ tube-in-tube capacitance differential 
sensor arrangement 4 00 is formed as a differential sensor, 
so one capacitive section would decrease in value while 
another capacitive section increases providing a 
differential measurement which can provide increased 
resolution. 

As shown, the compression tuned glass element 4 04 has 
two wider end ^pe6?«rea 4 04a, 4 04b separated a narrower 
intermediate portion 404c. One wider end portion 404a has 
an inner tube 406 having capacitive plates 408a, 408b, while 
another wider end portion 404b has an outer tube ^d^v^xth 
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capacitive plates 412 




In operation, one capacitance 



value will decrease with compression, while the other 
capacitance value will increase with pressure. For example, 
as shown, if a compression force is applied, then the 
capacitance between plates 408a, 412a decreases (less 
overlapping plate area) , while the capacitance between 
plates 408b, 412b increases (more overlapping plate area) , 
and vice versa, when the compression force is relaxed. 

A person skilled in the art would be able to implement 
without undue experimentation a differential electronics 
circuit (not shown) to measure the change in capacitance 
between the capacitive plates 408a, 412a, or 408b, 412b. 



Figure 7 shows a part of a tunable optical device 
generally indicated 500 having a capacitance sensor 
arrangement with capacitive elements 502, 504, which may be 
plates or rods, as shown. Similar elements in Figures 2 and 
7 aire labelled with similar reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 502, 504. 



Figure 7 
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Figure 8 

Figure 8 shows a capacitance sensor arrangement 
generally indicated 600 having capacitive elements 602, 604, 
which may be L- shaped plates or rods, as shown. Similar 
elements in Figures 2 and 7-8 are labelled with similar 
reference numerals . 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the L-shaped capacitive elements 602, 604. 

Figure 9 and 9A 
Figure 9 shows a capacitance sensor arrangement 
generally indicated as 700 with overlapping capacitive 
elements 702, 704, which may be rods and plates, as shown. 
Similar elements in Figures 2 and 7-9 are labelled with 
similar reference numerals. Figure 9A shows an alternative 
embodiment wherein one of the overlapping capacitive 
elements 704' has a sawtooth shape . 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 702, 704. 
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Figure 10 



Figure 10 shows a capacitance sensor arrangement 
generally indicated as 800 with overlapping capacitive 
elements 802, 804, which may be plates or rods having 
corresponding angled capacitive surfaces, as shown. Similar 
elements in Figures 2 and 7-10 are labelled with similar 
reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 802, 804. 



Figure 11 shows a capacitance sensor arrangement 
generally indicated as 900 with capacitive elements 902, 
904, which may be tubes having corresponding surfaces, as 
shown. Similar elements in Figures 2 and 7-11 are labelled 
with similar reference numerals. 

The scope of the invention is not intended to be 
limited to any particular variable capacitor configuration 
or shape thereof. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 902, 904. 



Figure 11 
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Figure 12 

Figure 12 shows a capacitance sensor arrangement 
generally indicated as 1000 with capacitive elements 1002, 
1004, which may be tubes having corresponding wires 1006, 
1008 connected to capacitive surfaces, as shown. Similar 
elements in Figures 2 and 7-12 are labelled with similar 
reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the capacitive elements 1002, 1004. 

Figure 13 

Figure 13 shows a differential capacitance sensor 
arrangement generally indicated as 1100 with capacitive 
elements 1102, 1104, which may be overlapping rods, tubes or 
plates, as shown. The differential capacitance sensor 1100 
may also include a reference capacitor 1108 and a variable 
capacitor 1110. The reference capacitor 1108 does not vary 
and allows a compensation for temperature, while the 
variable capacitor 1110 does vary in relation to the values 
of the two different capacitors generally indicated as 
1110a, mob. Similar elements in Figures 2 and 7-13 are 
labelled with similar reference numerals. 
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The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the reference capacitor 1108 and the variable 
capacitor 1110. 



Figure 14 shows a differential capacitance sensor 
arrangement generally indicated as 1200 with a capacitive 
element 1202, which includes two variable differential 
capacitors 1204, 1206, as shown. One variable differential 
capacitor 1204 has plates 1204a, 1204b respectively affixed 
on a surface of one wide portion 54a of the glass element 54 
and on the surface of the capacitive element 1202. The 
other variable differential capacitor 1206 has plates 1206a, 
1206b respectively affixed on a surface of the other wide 
portion 54b of the glass element 54 and on the surface of 
the capacitive element 1202. Similar elements in Figures 2 
and 7-13 are labelled with similar reference numerals. 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the differential capacitors 1204, 1206. 
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Figure 15 

Figure 15 shows a differential capacitance sensor 
arrangement generally indicated as 13 00 with capacitive 
elements 1302, 1304, which may be overlapping rods, tubes or 
plates, as shown. The differential capacitance sensor 1100 
includes a reference capacitor 1306 and a variable capacitor 
1310 having a plate 1 and a plate 2, as shown. Similar 
elements in Figures 2 and 7-15 are labelled with similar 
reference numerals . 

The displacement sensor 24 (Figure 1) or the 
displacement circuit 70 (Figure 2) is not shown but would be 
connected to the reference capacitor 1306 and the variable 
capacitor 1308. 

Figures 16A, 16B 

Figure 16A shows an example of a first capacitive plate 
generally indicated as 14 0 0 that can be used with one or 
more of the capacitive plates shown in Figures 1-15. The 
first capacitive plate will cooperate with a second 
capacitive plate 1500 shown in Figure 16B to reduce noise 
and voltage from electromagnetic interference (EMI) between 
the two ground of the capacitive plates. 

The first capacitive plate 1400 includes an outer ring 
1402, an intermediate ring 1404 and an inner ring 1406. As 
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shown, the intermediate ring 1404 is connected via a line 
14 04a to a voltage source (not shown) and the outer ring 
1402 and the inner ring 1406 are connected via a line 1406a 
to a ground source (not shown) . 

The second capacitive plate 1500 includes an outer ring 
1502 and an intermediate ring 1504. As shown, the 
intermediate ring 1504 is connected via a line 1504a to a 
voltage source (not shown) and the outer ring 14 02 is 
connected via a line 1406a to a ground source (not shown) . 

The voltage line 1404a and 1504a, and the ground lines 
1406a and 1502a may be connected via lines 72a, 74a shown in 
Figure 2 to the displacement sensor circuit 70. 

In operation, the combined capacitive plates 1400, 1500 
reduce edge affects and act as a shield with respect to 
coupling of stray interference. 

Scope of the Invention 
Although the invention has been described with respect 
to using a capacitor to measure the gap distance, it should 
be understood by those skilled in the art that other gap 
sensing techniques may be used, such an inductive, optical, 
magnetic, microwave, time-of -flight based gap sensors. 
Moreover, the scope of the invention is also intended to 
include measuring or sensing a force applied on or about the 
CIDRA CORP. PROPRIETARY 31 





PATENT 

- WEVA/CiQIIA- rile l l LL . , IJ. UUJ UUJ/ UU u ^JU 



its. 

3 ., 

i; 

15, :! 



s 

o 

f T( 



compressive element, and feeding it back to control the 
compression tuning of the optical structure. 

Although the invention has been described and 
illustrated with respect to exemplary embodiments thereof, 
the foregoing and various other additions and omissions may 
be made therein and thereto without departing from the 
spirit and scope of the present invention. 
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